Health numeracy is an important component of health literacy that affects diabetes care. This article details current research in the field by highlighting efforts to address health literacy and numeracy as a means of improving diabetes education, self-management, and glycemic control. The authors provide evidence from their past and ongoing research in this area and offer guidelines for assessing literacy and numeracy skills in the clinical setting.
The prevalence of diabetes is increasing at staggering rates. In 2007 in the United States, estimates suggested that nearly 24 million individuals had diabetes, and another 57 million were at increased clinical risk of developing this chronic disease (i.e., pre-diabetes). 1 Diabetes has consistently been among the top causes of morbidity and mortality among patients with chronic disease, and the costs associated with diabetes care place significant financial burden on our health care system. 2, 3 Additionally, care for patients with diabetes has remained suboptimal, particularly for racial and ethnic minorities, the poor, and the uninsured. [4] [5] [6] [7] As discussed in the previous articles in this From Research to Practice section (p. 216-237), potential barriers to the provision of optimal care and patients' execution of successful self-management may include low health literacy and numeracy.
Health Literacy, Numeracy, and Diabetes Care A growing body of evidence supports the association between limited health literacy and numeracy and poorer diabetes outcomes. [8] [9] [10] [11] [12] Patients with diabetes and limited health literacy or numeracy are more likely to have poorer disease knowledge and symptom recognition, 13, 14 poorer glycemic control, 8, 10 greater difficulty interpreting food labels and estimating portion sizes, 15, 16 lower self-confidence in diabetes management (i.e., self-efficacy), fewer self-management behaviors, 8, 12 and poorer communication with their providers. 17 Analyses comparing the influence of low literacy and numeracy together on glycemic control suggest that numeracy is more closely related to glycemic control than literacy.
8,11
The challenge in caring for patients with limited health literacy and numeracy is that deficits in these skills are not always intuitively obvious to providers and educators, 18 and, if these skills are not specifically assessed, such deficits may go unrecognized. Some may argue that both patients and providers may become uncomfortable with providers' attempts to evaluate patients' health literacy and numeracy status; however, evidence in the literature supports the contrary among both patients and providers. [19] [20] [21] Assessing Numeracy Skills
General numeracy
As diabetes providers and educators, we often attempt to tailor clinical recommendations and counseling to the specific needs and skills of individual patients. To tailor providers' efforts to address numeracy in diabetes care, it is important to assess patients' quantitative skills. Several general numeracy measures, with a focus on the understanding of probability and risk, have been developed and validated. [22] [23] [24] Numeracy is a key component of the interpretation and application of dietary information-a crucial part of diabetes care. In a cross-sectional study of 200 primary care patients, we evaluated the relationship between numeracy skills and food label com-prehension. 16 Erroneous food label interpretation was common and included misapplication of portion size data, confusion over extraneous details contained in food labels, and incorrect calculations. Although 77% of these patients had literacy skills of at least the ninth-grade level, only 37% of participants had math skills of at least the ninth-grade level. Interestingly, even when patients had adequate health literacy, their numeracy skills often lagged behind, thus highlighting the importance of numeracy skills as a related yet separate patient factor. Finally, in this study, patients with lower health literacy or numeracy skills were significantly more likely to have poor comprehension of food labels. In a cross-sectional study of 398 adults with diabetes, we found that patients with higher diabetes-specific numeracy skills, as measured by the DNT, had significantly greater perceived self-efficacy for diabetes self-management and greater diabetes knowledge. We also observed a modest association between higher diabetes-specific numeracy skills and better glycemic control (i.e., lower A1C).
Diabetes-specific numeracy
8 Nearly 70% of participants had less than a ninth-grade level of general numeracy skills, and many patients demonstrated significant diabetes-related numeracy deficits. For example, 26% could not correctly identify, among a list of glucose values, which values fell within a target range of 60-120 mg/dl. Similarly, patients struggled with questions that required multi-step application of math skills such as calculating the total carbohydrate content in a container of snack chips and understanding titration instructions for long-acting insulin regimens. For patients with low literacy and numeracy levels, even a simple exercise such as identifying the correct dosage tier on an insulin syringe using a modified analog scale proved difficult for half of the participants.
The DNT15 is a validated shorter version of the DNT that includes 15 items from the original scale. Although several studies 8, 11, 26, 27 have used the DNT or DNT15 to assess diabetesrelated numeracy, the DNT15 is faster to administer and may provide better practical utility in evaluating the numeracy skills of patients with diabetes and identifying those who may benefit from more targeted materials for ongoing diabetes management.
The Diabetes Literacy and Numeracy Toolkit

Toolkit development
The Diabetes Literacy and Numeracy Education Toolkit (DLNET) was developed to help meet the need for diabetes education and management materials for all diabetic patients, but particularly for those with low literacy or numeracy skills. Details of the development of the DLNET have been described previously. 28 The general content of the toolkit was based on the recommendations of the National Standards for Diabetes Self-Management Education.
29 A multidisciplinary team, including experts in health literacy and numeracy, physicians, certified diabetes educators (CDEs), registered dietitians, an advanced diabetes management nurse practitioner, and a clinical pharmacist CDE, determined the specific content of the DLNET. Educators all had 10 or more years of experience in diabetes education and management. Educational psychologists from Vanderbilt University Peabody College of Education with expertise in providing instruction for people with limited math and reading skills provided important critiques for the DLNET materials. Finally, diabetes patients with varying levels of literacy and numeracy skills provided feedback on the usability of the toolkit materials.
Toolkit components
The DLNET consists of 24 distinct modules. Some of these are considered core modules in that they address topics that are relevant to nearly all people with diabetes regardless of the type or treatment regimen. Core modules cover basic information about prevention of diabetes-related complications, awareness and management of hypoglycemia, blood glucose monitoring, exercise, foot care, and nutrition.
The remaining modules contain information that is designed to be relevant to specific categories of diabetic patients or to certain patients at a particular stage of their disease process and treatment. These modules contain materials about oral medication regimens, non-insulin injectable medication regimens, insulin regimens, insulin administration, and specific strategies for medical nutrition therapy. The materials address each topic with varying levels of complexity. For instance, the insulin regimen module covers the spectrum of insulin-dosing options from the most basic (i.e., fixed or set doses of insulin) to the most complex (i.e., basal insulin plus flexible meal dosing using a ratio for carbohydrate intake and a correction factor for glucose level). Nutrition modules contain materials that range in complexity from a modified plate method approach to carbohydrate counting and food label reading. The modules that address exercise and nutrition include shared goal-setting with the objective of enhancing patients' active involvement in their care.
Importantly, even the materials covering the most complex insulin dose regimens and most sophisticated nutrition instructions are designed to be understood by patients of all literacy and numeracy skills, including those with limited skills. Principles of clear health communication guided the creation of all toolkit materials. For example, prose content was kept at the fourth-to sixth-grade reading level, pictures and graphics were used to convey information, white space was maximized, and color coding was implemented to improve patient comprehension of the materials. At the end of many modules, providers will find sections that can be used to encourage shared decision-making with patients, as well as worksheets for patients to practice and apply skills.
Toolkit utilization
The efficacy of the DLNET materials as a component of enhanced diabetes education and management was described in two concurrent randomized, controlled trials at two academic medical centers (discussed in more detail below). 27 The flexibility of the DLNET materials is demonstrated with the example of one patient with a high literacy level and diabetes numeracy score who responded better to low literacy/numeracy materials than to the more sophisticated materials we anticipated he could manage. S.A. was a 49-year-old man diagnosed with diabetes at the age of 35 years and was working in the financial industry at the time of his initial visit. He had adequate literacy skills (greater than a ninth-grade reading level) and his DNT score was 88%, suggesting very good diabetes numeracy skills. At his first visit, he was taking 30 units glargine insulin at night, 12 units aspart insulin before meals, and 500 mg of metformin each night. His A1C was 10.9%. He was given the DLNET materials that cover flexible meal insulin dosing with daily basal insulin and oral medication dosing (including instructions to take metformin with meals) (Figure 1) .
At his second visit, his A1C had improved to 8.1%. When asked what would help him improve his glycemic control further, he responded that, although he was capable of calculating an insulin-to-carbohydrate ratio and correction dose, it took him a long time to complete this multi-step math, and when he was busy, he was unwilling to take the time to do so. He also confessed that he had always struggled with math and was accustomed to finding ways to compensate for these difficulties. Based on this new information, he was taught to use an InsuCalc Wheel (InsuCalc, Salt Lake City, Utah) (Figure 2 ). This required that he estimate his carbohydrates and test his blood glucose, but the multi-step math was calculated by simply turning the wheel to line up appropriately.
By his third visit, his A1C was 6.8%, in large part because of improved medication adherence. He was pleased with this improvement and reported that he carried the InsuCalc Wheel with him at all times.
Studies Addressing Literacy and Numeracy to Improve Diabetes Care
Recent efforts to improve diabetes processes of care (e.g., timely foot care and routine retinopathy screening) and outcome measures (e.g., A1C and hypoglycemia) by addressing limited health literacy and numeracy have shown modest success.
We have conducted a randomized, controlled trial comparing a comprehensive diabetes management program to usual care among 217 patients with type 2 diabetes. 30 Intervention patients received intensive disease management from a multidisciplinary team, including clinical pharmacists and a diabetes care coordinator, with individualized care including use of techniques shown to enhance comprehension among patients with low literacy. At the 12-month follow-up, intervention patients had significant improvements in A1C, and, among those with low literacy, the intervention group patients were more likely than control patients to attain a goal A1C ≤ 7.0%. Patients with adequate literacy had similar odds of obtaining goal A1C regardless of intervention status.
Figure 1. Sample DLNET module content: medication instructions and insulin management. F R O M R E S E A R C H T O P R A C T I C E / H E A L T H L I T E R A C Y , H E A L T H N U M E R A C Y , A N D D I A B E T E S C A R E
In a separate study, short-term improvements in self-care behaviors, patient activation, and diabetesrelated stress were seen when "Living with Diabetes" materials 31 and a brief counseling session with collaborative goal-setting was used with patients with type 2 diabetes. 32 Finally, we conducted two concurrent randomized, controlled trials using the DLNET materials to assess the impact of an enhanced educational intervention on glycemic control, self-efficacy, self-care behaviors, and patient satisfaction. 27 Study subjects randomized to the intervention arm in these trials received materials from the DLNET toolkit as a component of enhanced diabetes education and management. Materials were customized to meet the needs of each patient at each visit. Study clinicians were provided with an assessment of patients' diabetes numeracy (measured by the DNT) before the initial visits. This score served as a guide for which materials within the DLNET would most likely be effective for each patient, particularly at their initial visit.
For most study patients, the core modules were utilized during the initial visit, and modules that address the specifics of diabetes treatment were used at subsequent visits based on individual patient needs. The range of complexity encompassed by the materials allowed maximum flexibility in customizing materials to each patient. There were instances wherein a patient's situation called for the use of simplified instructions at one point in time, followed by a transition to more complex materials at a later visit.
We found that, at the conclusion of the enhanced education program after 3 months, both intervention and control patients had significant improvements in A1C, and there was a greater improvement in A1C among intervention patients than among control patients in adjusted analyses. There were also significant improvements in self-efficacy in both groups, but no significant differences between groups were found for self-care behaviors or satisfaction measures. After an additional 3-month passive observation period, the A1C differences between groups were not sustained. Overall, this study demonstrated that a literacy-and numeracy-sensitive diabetes care program yielded modest benefit in improving glycemic control and self-efficacy compared to a standard enhanced diabetes care program, but that the results attenuated over time.
Integrating the DLNET Toolkit Into Clinical Practice
Multidisciplinary providers in the aforementioned trials using the DLNET materials found that the format and sequence of DLNET materials held the potential for clinical effectiveness and efficiency when they were utilized as a part of routine clinical practice. There are several advantages of the DLNET toolkit compared to other available diabetes educational materials. These include provision of a comprehensive, customizable array of topics that facilitate diabetes education for all patients with varying levels of literacy and numeracy skills. Our toolkit also has use for both initial care and ongoing diabetes education for established patients. Nearly every diabetes topic educators or providers will address is covered in the toolkit, reducing the need to pull information from multiple sources. Sources of diabetes education materials are often variable (e.g., pharmaceutical company, self-created, downloaded from Internet sites) and may be written at literacy levels that are too high for many diabetic patients. Furthermore, the ability to easily access two to three different materials of varying levels of sophistication that cover the same topic enhanced individualization of care. Storage of the materials as an organized set of modules also proved to be very convenient for providers.
Informal follow-up with DLNET study clinicians provided anecdotal evidence that the DLN ET toolkit was user-friendly for providers and accepted by patients during the DLNET study. All of the study dietitians found the carbohydrate counting practice materials to be very useful in teaching carbohydrate counting skills. There was an added and somewhat unanticipated benefit in that the step-by-step format utilized with the carbohydrate counting materials made it possible to identify which patients were unable to read a food label or sum carbohydrate grams accurately. The color coding utilized for the blood glucose log sheets was considered a benefit, but the log sheet format with mealtimes arranged along the vertical axis rather than the more typical horizontal axis was problematic for some study clinicians. DLNET study clinicians who utilized the oral medication and insulin regimen materials found these to be effective in clearly communicating instructions for medication dosing.
Although we have received requests from educators and clinicians who wished to use the DLNET materials in their practice, we have not received specific feedback about their experience. Despite this, we believe these materials can be utilized by providers and educators from all disciplines, and although the low-literacy and -numeracy format is unique, the content will be familiar to most. Overall, those who utilized the DLNET materials with diabetic patients found that the format and organization of the materials encouraged a more organized and comprehensive approach to diabetes education, allowed for identification of literacy and numeracy deficits, and provided the opportunity to optimally tailor educational materials to each patient's changing needs.
Possible limitations of the DLNET are that some of the medication information can become dated fairly quickly. As new non-insulin injectable medications become available and new formulations of preexisting drugs come on the market, the corresponding materials must be updated. Also, some DLNET study subjects failed to bring the DLNET notebook back and forth from home to clinic visits, indicating that the notebook may have proved to be too cumbersome for some patients. Nonetheless, it is fairly easy to modify existing materials and adapt them to individual needs and practice settings.
Conclusions
Diabetes care represents a unique opportunity for health care providers and educators to engage patients in a long-term therapeutic alliance in which the goals of adequate selfmanagement and glycemic control can significantly affect quality of life and reduce the risk for diabetesrelated complications. [33] [34] [35] For many of our patients, significant sociodemographic barriers often hinder adequate diabetes control, including the less intuitive factors of limited health literacy and numeracy skills. In our work, we have identified significant deficits of health literacy and numeracy and have demonstrated modest improvements in various behavioral and clinical diabetes outcomes when these factors are specifically targeted during care.
To that end, we have developed tools for assessing diabetes-specific numeracy and educational materials that are geared toward patients with these limited skills and can be adapted and applied in both research and clinical settings. Use of these and other materials, as shown in Table 1 , coupled with efforts to ensure effective communication during clinical encounters, is likely to yield positive clinical results and improve the diabetes experience for both patients and providers. When materials and topics discussed in this article were previously published, the authors have provided appropriate references. No financial support other than that stated has been received by any author.
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